Abstract. Assessments of natural gamma radiation were done for urban sites in the city of Ribeirão Preto -SP -Brazil, allowing to infer the average annual effective dose value for the population in these areas. The measurements were done using a vehicle with a mobile radioactivity measurement system, Eberline, with a plastic scintillation detector and a Global Position System (GPS), to collect measurements of gamma dose rate and its spatial distribution. Using the national census information, the stored data allowed mapping the radiometric measurements through the ArcGIS software, correlating the geographical coordinates with their respective dose rates. These maps illustrate how effective dose values are distributed within the selected areas and also correlate the collective dose values for these populations. Around 45,000 georeferenced effective dose values, ranging from 12.2 up to 59.8 nSv/h raised an average value of 0.034 ± 0.004 mSv/year, which is less than the worldwide average effective dose value of 0.07 mSv/year [12] (for outdoor exposures from terrestrial radiation sources) and less than the previous average values found in Brazil for the regions of Poços de Caldas, Guarapari, Andradas, Caldas and Meaípe [2, 10] .
INTRODUCTION
The world population is constantly exposed to artificial and natural radiation sources, the latter with a higher contribution most in the total absorbed dose that one can receive in a year. Natural radiation includes those from cosmic rays, cosmogenic radionuclides and terrestrial radiation, responsible for internal and external exposures. While internal exposures are due from the intake of radionuclides through ingestion or inhalation and also due to the 40 K normally existent in the human body, external exposures occur from primordial terrestrial radionuclides, mainly gamma emitters [1] . These last exposures depend on the radionuclide concentrations found in the soil and in building materials, mainly from the 238 U and 232 Th decay series. In the assessment of natural terrestrial radiation, gamma spectrometers are usually most used to measure activity concentrations in soil and, using appropriate conversion factors, absorbed dose in air [2] [3] [4] [5] [6] [7] . Also, other dosimetric systems have been used for this purpose, such as the thermoluminescent dosimeters [8] and scintillation detectors [9] [10] [11] .
The levels and effects of natural radiation are assessed and reported by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) [12] . In its latest report, the worldwide average radiation exposure from natural sources was published as 2.4 mSv/year, from which, 0.48 mSv/year is due to external terrestrial radiation (from indoors and outdoors sources), 0.39 mSv/year due to cosmic and cosmogenic radiation, 1.26 mSv/year is from inhalation exposure (including radon) and, finally, 0.29 mSv/year is due to ingestion exposures. Several countries have contributed for this report, but there are not enough data available from Brazil exposures from natural gamma radiation in order to infer an average effective dose to its population, specially for urban groups, since the assessments done before were performed in a few areas and with high natural background. Ribeirão Preto is located in São Paulo state, Brazil, being 313 km far from the state's capital, São Paulo, in the northeast direction (21
• 10' 42" latitude, 47
• 48' 24" longitude and 544,800 m altitude) on the occidental plateau. The region presents a particular clayed soil called terra roxa (purple land) composed by aluminum and iron oxide [13] . The city has a total area of 650 km 2 , from which 157, 5 km 2 are urban areas. It is about 706 km away from the country capital, Brasilia, and is considered one of the major economic centers in a prestigious surroundings region in the state, for it is not so far from other developed regions in the state and is also close to the Laboratory of Poços de Caldas (LAPOC), from the Brazilian Nuclear Energy Commission (CNEN), in the state of Minas Gerais (MG), with whom this study has a partnership. The present work intends to obtain the average annual effective dose value for the people living in Ribeirão Preto and to compare it with the already existing natural gamma radiation values for others regions in Brazil, mainly in the urban sites.
MATERIALS AND METHODS
Natural gamma dose rate measurements were performed through different urban areas in the city of Ribeirão Preto-Brazil, using a mobile radioactivity system (Thermo Eberline /FHT 1376 MobiSys) consisting of a plastic scintillation detector and a Global Positioning System (GPS). These devices are stored in a special case to be easily transported inside a vehicle, along with a computer and an antenna, the system needs to be supplied with an external voltage of 12 V. Once the vehicle starts and three satellite signals are found, gamma dose rate measurements and spatial coordinates are recorded for every second through the program system MobiSys installed in the computer (figure 1). Once dose rate measurements are georeferenced, they can be interpolated in a Geographic Information System (GIS), such as the ArcGIS software, enabling to plot radiometric maps. Also, using the national census information, it is possible to formulate radiometric maps correlating collective dose values for people living in the area.
The mobile system response to effective dose was verified in an outdoor calibration facility that is permanently settled at the Radiological Protection and Dosimetry Institute (IRD) from the Brazilian Nuclear Energy Commission (CNEN), in Rio de Janeiro [14] . For the dose rate measurements the mobile system was installed inside the vehicle at 1 meter from the ground level and, using an average speed of 40 km/h, scanned the selected areas in the city. These monitored areas were divided in eight parts, far enough from each one, in order to obtain significant data from the total area. Also these parts were chosen for their high population density (except for the university campus region). Each area was formed by a certain number of census sectors, which are small areas determined by the Brazilian Institute of Geography and Statistics (IBGE), to optimize the data sampling [15] . To estimate the annual effective average dose (E outdoor ) value for the selected area [16, 17] , due to terrestrial radiation sources, an outdoor occupancy fraction of 0.2 [18] and a Sv/Gy conversion coefficient of 0.7 [1, 12, 18, 19] were used for the calculation.
The collective effective average dose (S) values and the total annual effective average dose (E p ) value for the studied sectors, demand informations collected by the brazilian national census, IBGE [15] , related to the number of persons (population) living in each census sector (p i ) and the total population studied (p T ) to be inferred through the following equations [10, 12] .
RESULTS
According to the latest report from UNSCEAR, the worldwide annual effective dose from natural radiation sources ranges from 1.0 up to 13 mSv, and presents an average value of 2.4 mSv. From this, about 0.3 up to 1.0 mSv are due to terrestrial radiation (indoor and outdoor), being 0.07 mSv from outdoor average effective doses [12] . In brazilian territory, the nuclear commission CNEN stipulates that the annual effective dose cannot surpass the 1 mSv/year limit [20] above the natural radiation exposure, following international recommendations [21] . About 45,000 georeferenced dose rate measurements were collected within eight different regions in Ribeirão Preto, leading to effective dose rate values varying from 12.2 up to 59.8 nSv/h, as shown in the frequency distribution versus effective dose rate for the total area studied, figure 2 . These values appear in table 1 as a function of each particular region and its population.
Radiometric maps were than formulated using the ArcGIS software, showing the average effective dose values (figure 3) varying from 0.028 up to 0.045 mSv/year and the collective effective dose values (S) averaged for each census sector (figure 4), using the population information (figure 5). As for the annual collective effective dose values, an average of 25.62 ± 9.26 man Sv was obtained and the total population effective dose averaged as 0.034 ± 0.004 mSv/year, about half of the worldwide average value of 0.07 mSv/year. This average value is also low when compared to values from other studies regarding natural outdoor gamma radiation in Brazilian territory, performed mostly in areas of higher radioactivity levels as Poços de Caldas, Guarapari, Andradas, Caldas and Meaípe [2, 10] , where the dose rate can be as high as 88.9 up to 144.5 nGy/h [2, 10] . 
CONCLUSIONS
Radiological data geoprocessing allowed visualization and processing of important informations for the city of Ribeirão Preto, improving the knowledge concerning annual effective dose and collective effective dose levels in the brazilian territory. From the dose rate data collected in accessing different areas in the city, the census sectors showed an average annual collective effective dose value of 25.62 ± 9.26 man Sv and a total population average effective dose value of 0.034 ± 0.004 mSv/year. Although the results found here took into account the contribution of cosmic radiation, the average natural gamma radiation levels found are lower than the world's average value published by UNSCEAR, and also lower than other regions in the national territory, being within the national effective dose limits.
Knowing that Ribeirão Preto is not an area of high natural background, the average annual effective dose value found in this work can be used as reference to evaluate the levels of radioactivity for other regions in the country.
